Background and Purpose-Acute myocardial infarction and sudden death display a circadian rhythm, with a higher risk between 6 AM and noon. Some reports suggest that stroke does not follow such a circadian variation and that hemorrhagic stroke occurs more often during the evening. Methods-A meta-analysis of 31 publications reporting the circadian timing of 11 816 strokes was performed, subdividing (when possible) by the type of stroke, according to the time of onset of symptoms. When precise timing was not given, strokes were distributed evenly (that is, biasing toward the null hypothesis of lack of circadian variation). Results-All subtypes of strokes displayed a significant (PϽ0.001) circadian variation in time of onset, whether divided into 3-, 4-, or 6-hour time periods. There was a 49% increase (95% confidence interval, 44% to 55%) in stroke of all types between 6 AM and noon (compared with expectations if no circadian variation was present), which is a 79% (95% confidence interval, 72% to 87%) increase over the normalized risk of the other 18 hours of the day. There were 29% fewer strokes between midnight and 6 AM, a 35% decrease compared with the other 18 hours of the day. All three subtypes of stroke had a significantly higher risk between 6 AM and noon (55% for 8250 ischemic strokes; 34% for 1801 hemorrhagic strokes, and 50% for 405 transient ischemic attacks). Conclusions-These data support the presence of a circadian pattern in the onset of stroke, with a significantly higher risk in the morning. (Stroke. 1998;29:992-996.)
S everal types of cardiovascular events, including acute myocardial infarction and sudden cardiac death, display significant circadian variation in the timing of onset of symptoms. A recent meta-analysis of the 30 reports from across the world, which included 66 635 acute myocardial infarctions, has demonstrated a 40% excess risk between 6 AM and noon compared with the rest of the day. 1 A similar meta-analysis of 19 studies involving 19 390 sudden cardiac deaths indicated a 29% increase in risk for this 6 AM to noon time period. 1 Some believe this morning excess of cardiovascular risk parallels the usual circadian pattern of physical activity, blood pressure, plasma catecholamines, and/or plasma cortisol. [2] [3] [4] [5] Early studies of the timing of acute stroke, however, indicated that many afflicted patients reported awakening with new neurologic deficits, and several reports indicated that acute strokes tended to occur either during the evening hours or during sleep. [6] [7] [8] This led to the conclusion that especially because acute therapies for stroke-in-evolution were not particularly effective, there was little reason to consider acute stroke as a medical emergency because the onset of symptoms was thought to occur during sleep, when most patients would not recognize them.
More recently, data have been reported from many different countries regarding both timing of the onset of acute stroke and the subtype of stroke. A systematic review of these data was therefore undertaken to consider whether there was a period during the 24 hours of the day when stroke onset was more likely, to estimate the level of excess risk, and to determine whether this period of increased risk was different for various subtypes of stroke (ischemic, hemorrhagic, or transient ischemic attack).
Subjects and Methods
A MEDLINE search of publications in all languages from 1966 to December 1997 was performed with both text word searching and the appropriate MESH headings of "circadian variation," and "stroke, cerebrovascular accident, transient ischemic attack, or brain attack." The bibliographies of each of the retrieved publications that contained primary data about the timing of the onset of stroke were reviewed, and relevant citations in these listings were also evaluated for inclusion in the meta-analysis. Reported data about timing of stroke, the hourly time periods involved, and the subtype of stroke were abstracted and entered into a computerized spreadsheet/database. 9 When the same population was reported more than once, 10 -12 only the most descriptive report was included. Instead of reporting the hourly incidence of stroke onset, several publications instead provided data only in the form of mathematical models (for example, cosinor analysis) [13] [14] [15] ; this necessitated estimating hourly stroke onset rates from the parameters given in the reports, according to standard procedures. 14 -16 Some reports 17 also presented the primary data as figures, in which case, estimates of hourly stroke onset were derived from photocopied enlargements of the published figures and appropriate interpolation. When reports identified the onset of stroke symptoms during sleep, data that distributed the risk across the known hours of sleep were retained in the meta-analysis. Within each report, data from patients whose stroke onset times were unknown (and could not be identified as occurring during sleep) were excluded from the meta-analysis (when it was possible to distinguish them in the original publication), because reports about strokes without times of onset were also excluded from the meta-analysis.
Because most publications did not report an hourly breakdown of the onset of acute stroke but instead 2-to 20-hour time blocks, it was necessary to divide the 24-hour day into standardized blocks of time, and reallocate the observed numbers of strokes accordingly. When precise timing was not given, or when the original report did not include data from each of the 24 hourly divisions, the number of strokes were distributed evenly throughout the appropriate hours. This technique systematically biases the meta-analysis toward the null hypothesis of a lack of circadian variation. In addition, a "worst-case scenario" was considered, for which all of the "untimed" strokes cited in the original reports were arbitrarily assigned to the time period having the fewest observed strokes.
Statistical testing for the meta-analysis was performed with traditional methodology for homogeneity and significance; 2 techniques (for goodness of fit to the null model of equal distribution of strokes) were used, along with 95% confidence intervals, to evaluate the circadian pattern of stroke onset. 18 Two strategies were used to estimate the relative risk of strokes occurring at specific time periods: One assumed that all strokes would be evenly distributed in onset among the 24 hours of the day, and therefore compared the observed proportion relative to the proportion expected, based on the total number reported. The second method is based on a comparison of the observed number of strokes compared with the average for the other hours of the day, normalized for hours under consideration. 1 In this analysis, the expected number of events that were reported to have occurred, for instance, between 6 AM and noon, were compared with the number of events occurring in the remaining 18 hours of the day (divided by 3, to normalize for the number of hours in the time period under consideration), and the relative risk was the number of strokes actually reported, divided by the number expected.
Results
Thirty-one publications 6 -8,13-15,17,19 -21,26 -45 were retrieved that contained primary data regarding strokes with known times of onset; these included 11 816 patients and are summarized in the Table. Despite some rather large differences across studies in reported sample size (59 to 1075), outcomes (fatal versus nonfatal), and types of stroke studied (ischemic versus hemorrhagic versus other), most of the studies showed a similar diurnal pattern of stroke incidence. When all strokes are categorized according to the midnight to 6 AM to noon to 6 PM divisions of the day, as in Cohen et al, 1 a "morning excess" of all stroke is seen between 6 AM to noon ( Figure 1 , bars A), which corresponds to a 49% increased relative risk (95% confidence interval [CI]: 44% to 55%) compared with the number expected if there had been no circadian variation in stroke onset ( 2 ϭ1133, 3 df, PϽ0.001), or a 79% increased relative risk (95% CI, 72% to 87%) compared with the normalized rate for the remaining 18 hours of the day. The 6-hour time period with the lowest risk for all stroke is between midnight and 6 AM, which has a 29% (95% CI, 25% to 32%) lower relative risk (compared with expected number of strokes had there been no circadian variation) or 35% (95% CI, 32% to 38%) lower relative risk than expected if compared with the other 18 hours of the day.
Across all original reports, there were 1222 strokes for which the time of onset was unrecorded or uncertain. If one places all these "untimed" strokes in the time period of lowest risk (a "worst-case scenario"), there is still a significant circadian variation in the risk of stroke ( 2 ϭ725, 3 df, PϽ0.001). The 6 AM to noon time period then has a 35% (95% CI, 30% to 41%) increased risk compared with the expected number of strokes had there been no circadian variation, or 54% (95% CI, 48% to 60%) increased risk if compared with the normalized rate for the other 18 hours of the day.
It is also possible to rearrange the strokes for which the time of onset was reported into other periods of interest, slicing the 24 hours of the day into different time blocks. The most analogous to the primary result given above is the 3 AM to 9 AM to 3 PM to 9 PM quarters of the day. Allocating the strokes reported into these time periods results in a 17% (95% CI, 12% to 22%) increase in relative risk for all stroke between 3:01 and 9 AM and a 23% (95% CI, 18% to 29%) increase in risk between 9:01 and 3 PM (compared with numbers expected if there had been no circadian variation in stroke onset ( 2 ϭ599, 3 df, PϽ0.001). If the normalized rate for the remaining 18 hours of the day is used as the comparator, there is a 24% (95% CI, 19% to 30%) increased relative risk between 3:01 and 9 AM and a 34% (95% CI, 28% to 40%) increased relative risk of stroke in the next 6-hour period. The time period between 9:01 PM and 3 AM has the lowest number of strokes (33% [95% CI, 30% to 37%] reduced relative risk compared with expectations if there had been no circadian variation and 40% [95% CI, 38% to 43%] reduced relative risk compared with the other 18 hours of the day).
If one reanalyzes the reported strokes according to their time of onset during six 4-hour periods of the day, a highly significant circadian variation is seen in the meta-analysis ( 2 ϭ879, 5 df, PϽ0.001). Because there are some reports from Japan, 19 especially regarding hemorrhagic stroke, 20, 21 which suggest that there may be differences in circadian variation of stroke timing according to the subtype of stroke of interest, meta-analyses of ischemic and hemorrhagic stroke (including subarachnoid and intracerebral bleeds), and transient ischemic attack were also carried out. The results (when distributed into the 6-hour time periods beginning immediately after midnight) are shown in Figure 1 . These data suggest that for each subtype of stroke studied, there is an increase in risk during the early morning hours. There were 21 studies (including 8250 patients) of ischemic stroke, which was 55% (95% CI, 48% to 62%) more likely between 6 AM and noon. The 13 studies of 1801 patients with hemorrhagic stroke also showed a significant circadian variation ( Figure 1B) ; the risk was 34% (95% CI, 21% to 49%) greater between 6 AM and noon. The "morning excess" is even statistically significant for transient ischemic attack (TIA), in which only two studies form the basis for a meta-analysis of 405 patients, but a 2 value of 95 (3 df, PϽ0.001) is obtained, indicating a 50% (95% CI, 20% to 85%) increased risk of TIA between 6:01 AM and noon and an even more impressive 76% (95% CI, 64% to 84%) decreased risk of TIA between midnight and 6 AM (all compared with the random distribution of TIAs across the 24 hours of the day). The pertinent percentages for these time periods (with the 18 remaining hours of the day as comparator) are an 80% (95% CI, 43% to 126%) increase, or an 81% (95% CI, 72% to 87%) decrease, in risk for 6 AM to noon or midnight to 6 AM, respectively. A statistically significant circadian pattern of timing of stroke onset was seen for all subtypes of strokes, even when the 24 hours of the day were divided into 4-hour (Figure 2 ) or 3-hour periods (data not shown). 
Strokes of All Types, Divided into 6-Hour Time Blocks, Beginning at Midnight

Discussion
These data from a meta-analysis of the world's 31 published studies on the circadian timing of stroke onset indicate that like acute myocardial infarction and sudden cardiac death, there is an increased risk of the onset of acute stroke during the early morning hours. The data are remarkably consistent across the various subtypes of stroke, and indicate, for ischemic stroke, hemorrhagic stroke, and even transient ischemic attacks, that the excess risk during the 6 AM to noon time period is significantly higher than would be expected by chance: 89%, 52%, and 80% (95% CI, 89% to 99%, 36% to 69%, and 43% to 126%, respectively, compared with the normalized risk for the other 18 hours of the day). Similarly, there is a significantly lower risk of stroke during the nighttime hours (midnight to 6 AM) for each stroke subtype: 30%, 54%, and 81% (95% CI, 26% to 33%, 48% to 60%, 72% to 87%, respectively, compared with the normalized risk for the other 18 hours of the day). Even when all the strokes in the original publications for which a time of onset could not be accurately determined are incorporated into the metaanalyses in a "worst-case scenario" in each division of the hours of the day, there is a significant circadian variation in the timing of stroke onset.
As with the results of all meta-analyses, 22 these conclusions should be interpreted cautiously. The reports that provide the raw data for the meta-analysis were seldom population based, may have been subject to "publication bias," and typically rely on recall of information from patients or witnesses as to what time the stroke symptoms actually began. The raw data are not "wake-time adjusted" and do not identify strokes occurring among individuals who work night or evening shifts, who have a higher blood pressure on arising but not in the typical 6 to 8 AM time frame. There are few reports that divide the numbers of strokes according to each of the 24 hours of the day, and it is possible that the categorization of stroke frequencies into the arbitrary time periods for the meta-analysis is incorrect. It would be expected, however, that any such inaccuracies would bias the results toward the null hypothesis, because distributing the number of strokes evenly throughout the period reported should increase the chances that no significant circadian variation in stroke frequency would be noted. Last, the results of the smaller time periods (3-or 4-hour "slices") may underestimate the true circadian variation in stroke onset because statistical power of the meta-analysis diminishes as the number of time periods increases.
The finding that the early morning hours (and not the nighttime hours) have the highest risk of the onset of stroke symptoms has two broad implications. The first is that patients should no longer be told that stroke symptoms are not a medical emergency. Although this may have been sound public policy when acute treatments for stroke were not available, there is now some evidence that acute emergent treatments for cerebral ischemia can be delivered in a timely fashion and result in improved long-term outcomes. 23, 24 The results of this meta-analysis contradict older conclusions that "strokes are more likely to occur during sleep." 19 This meta-analysis indicates that irrespective of the type of stroke, most patients will be awake when the onset of stroke symptoms occurs. The recognition of new neurologic deficits should prompt afflicted patients and their families to consider these as a medical emergency (or "brain attack"). The second implication of these conclusions has to do with some modalities useful in stroke prevention. Blood pressure is often considered one of the most powerful risk factors for stroke and has a circadian variation that essentially parallels the circadian variation in stroke onset. Antihypertensive agents administered in the morning ought to have a long duration of action to still have an effect on the early morning rise in blood pressure. It is tempting to speculate that antihypertensive agents that specifically target the early morning rise in blood pressure and heart rate, without reducing blood pressure severely during the night, might be more advantageous in controlling the 20% rise in blood pressure during the hours around awakening. This appears also to be the time of day associated with an increased risk of stroke, myocardial infarction, and sudden cardiac death. At least one long-term clinical trial is currently enrolling patients to examine this question. This meta-analysis of 11 816 strokes provides strong evidence that the onset of stroke symptoms has a circadian variation, with a higher risk in the early morning hours (6 AM to noon), and lower risk during the nighttime period (midnight to 6 AM). Approximately 1 of every 8 strokes (1 of 7 ischemic strokes, 1 of 10 hemorrhagic strokes, and 1 of 8 transient ischemic attacks) is attributable to the morning excess.
